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ABSTRACT

Denitrification N losses during manure net mneralizahle N’ assays

maw lead. to miscalculation of the manure’s Nsupplving capacity. In

this study we measured dentri.fication, manure properties, gas fluxes,

nutrient pools, and mineralizable N din’in.g laboratory incu.hation of

manured soil, Different dair manure lo hut were added to soil

at a rate of (t.1 rn N g , Manured and control ‘oil., ,‘ere incubated

and sampled weekly for soil mineral N. (Dl). flux, and \.O this. The

denttnfication cuisine aetixits t DEli ‘n’t measured at the end of

the experiment. Weekly N,f) and CO1 production increased in the

manured soils during the tirst 3 uk of incubation, 1 here was a positi’ e

correlatton between added manure C and cumulative ca2 production.

Nitrate content increased in all soils throughout the tLwk pen’od, hut

the increas;e was more n:arked in the manured soils, in most manured

soils, ansmonium concentration was initially high then declined rapidly

during tise first 2 wk, This high net NH5 decline in the manured soils

suggests that N was imtaohilized during the incuhation, hherohial

hiotnass N should he determined during manure mineralization assa’s

to account fur all potential manure N sinks. No correlation existed

between PEA and N pools or gas iluxe’. in the manured soils, Manure

with negatise N mineralization had an average C/N of 19.11, while

manures with positive N nnnrralizatiou hail an a’erage C/N of Itch.

Pu average. denitrihlcation accounted for approximately of the

added manure N. Higher proportions of denitrilied N were observed

in some manures, supporting our hypothesis that N lto.ses through

denitrihication may he significant in manure ndneralizahle N assays,

T 90951... ifl OF A MANURE as a.n. N fertilizer is difficult
to predict. since manure composition may vary
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Laboratory iucu.batioas arc perform N to determine
the. N ruineral.ization potential of manurmareended soils:
(Bernal and Kirchrnann, 1992). Incubation studies have
showR that the eineralizlatioo. potc:ntial of manures may
be related to manure C/N ralio and manure N content
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may result in net N immohdhiation, Hadas and Portnov
(1.994) determined that manures might releascs up ru
29% of their N. content as inorgan.ic N’ during a lahoriw
tory ineubalion, I.e contrast, Sprensc’n 11998) found ne.t
immobilization of N dumine manure’ inettbations, and
she cf(eci ssis. preinuunced with nlanures meh in NbA

in addition. N hisses throueh deunritieatiun as

s.eell as N immobili.zati, in durine 1.a;bo-rato-rs’ ineuhatioiis

may afle-ct the correlation of iIictlbatiOl’. dat

nil-re N miuemalzatiun in tile held,, as is eli a’. -recent inc

a. good aereement he.tween etan... ure.::. .N:: pools /tnd miner
alizable N.

We hypothesize. that denitrification may divert m.a
r..ure mineralizable. N to N gas, resulting in inaccurate
estim Ition of minerahzaHe N during I h rators incubi
‘ions Be’. ‘u’. of this asunting for iitrmcd N m ii

;ripro-ee ihe. correlation between manure i and nnnr
alizahle N. Farmers and estenscn anenis need accurate

on ,, icii. or In

sound fhitnore.. manaeeinenl & e-isuons, P-evious. work t’,

determine dcnttrific.ation N losse’s: -tiler manure apphcsi.
tion has included few manures per study. I lowcvcr, to
he.tter re resrsn.t field variability, it is: necessary to c’xani
inc and c-u-- m.pare a large number of manures.I.n this,..:
study, we. t-’-ollecte-d m.annres from a wide variety of -farms
e-ach with different storace- conditions, resulting in a se-t
of manures that varied widel in com.position.

The’ objective-s o-f this. ex-perim.ent wen to: (0 deter
1’. , i ‘I C ‘. N
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tonal properties; correlate to C and N pools:. ens tiuxes
or dc-nitrifieauior’, ciurine a iaborai_ci mc incubation of

ii I i s a’.

t.h rough denitrffic-- tion during a n.sinemah.zahie N assa.
To achie.v’e these objective’s. sve perfomned &wk Inborn
tom inecnattons of manured ods Sc, mineral N CU
firo-’-, and N,O flux after acet-: lene. addition were meas
s:nred wc-el.sl , Manure properties we:re m’. asurc-d he-fore.
the inc.uhotion c’x:perime nt, wf,ile- LI/oS ‘s—as measure-d

thi-s end ni I he C-s-c-i; lnceb-atio-n,

net as. net snpnlems Of f-D, yv-il’’e’.t-in’.’i’.

I, ‘I —

I ‘ 5 , ‘1$ ,t y t t i It Ii’., n’
h7i ,*nK.I, ‘o,ii’,il ‘eNt “U is

03, ‘(i4 ,N ‘ $ t,t ii,eS It 9
i7t iy, 3 , r’.in as ill’

1 1’ lid , 3° $ tO ,odi
us frni , In flFtOO s)

i’,Nh tin 5nf 5 Sn ‘ “ Is bails’

I ‘ ‘ 5. ‘ ‘ (t

p.

•‘ I,

DIVISION S-3—SOIL BIOLOGY & BIOCHEMISTRY

Uarboti awl Nitrogen I,hiamics During Incubation of Nianured Soil
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iII{j flU1U E 1flii ()thur furms f manure N su
_is )T 1jHfll acids wcr noL

tiVuI (IlL LRk ni uruitiun h-tween manure‘ N
ind nnur N ninrizatin ouiu have inprvcd h\
mcIuui i os immhiI,d N. BL CaUS& ol this.
[iltufe sI tidies should include lfCfllCfliS uncle
haul Laniass N tirouchout the meuhanon, as well as
more spanlje manure N pools.

lneh.udine the lignin/N ratio as an independent va.ri
able mae improve the estimate of the amount of miner
aiizahlt. N (Vigil and Kissei, 1991). The ADF, NDF, an.d
liutni.n in da an manu.re a.re a tesitit of undi.gested forage
cell wails, with each. fraction having different mine.raiizm
tOrt prope r ties (Van Kesse.i et aL, 200C Vrn Kessel and
.Reeves, ‘OC( Our data shows that none of the. fjhc.r
variables (At F, NDF, or lignin) showed a strong corre
lation with C mineralization or N mineralization during
the i.ncuhat ion, suggesting that these. fractions contain
relatively .re.sistant C and do not sign.ifica.ntiy affect net
nutrient nmobulization ri mmerahiation Alteina
tively, i..t i.s flo aible th.at the.s.e manure components are
only part of a mult.ivariate se..t of paramete...rs that take
part in the mineral.ization kine..tics and simple correla
tion iil

‘.‘-. illustra.te t.he.ir importance.
I3eauchamp and Paul (1989) sugge.sted that manure.s

with C/N ratios below 15 are likel.y to result in positive
N mineralization a ftc.r application to soiL In this study,
the C/N ratio does play a role in the mineralization
characte rislies of the manures, since manures associated
with po. hive N mineralization had a mean C/N of 16.0,
while manures associated with negative N mineraliza
tion had on average a CN of 19,0,

olaule lanv acids. are part of the water-soluble ma
in L th i s rc idll\ uuss hir o mlLrahl Ii ulifli Ihion

(Paul and Be-auehamp, l089b: Kire ha—ann and Funds all,
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headpacc autosampier ( ‘i’ckmar (ho-. Cincinnati, OF! ins]
I t, a trtr \‘h .01 si

._, h r I I” I ni t i In
Austin. TX’), using the condinons detailed in SlcCartv and
Biicher—Mathesen i’SOj, Gas samples tor NO analssis ttcrb

hI nrO ii rh, p hi ‘ra, Ii liii, (
samples. The- /SO analysis OtiS pei-lormud with a Tekmar 7oolu
T-I’I’ hcadspace autosanipler iTekmar to,, CncinnaIi, 011) ir
serías with a Shimadzu GC-S,-\ I Shimadzu Scientific Instru
ments, In.c,, Columbia, MD) fitted wit.h an E.r 0

Soil Mineral Nitrogen

Soil samples (10 g fresh weigh.t) from each microcosm were
analyzed for extractable soil mineral N usi.ne the same proce.—
dure and instruments as for the manure sample.s (see above),
A ratio of g of soil to 50 mL of 2M KCL solution was used
for the e.xtraction, In this study, the term net N mi.neralizatiot-u
is used as the change in the soil inorganic N over the 6—wk
incubation (Hart et al,, 1994) Previous work has referred to
negative N mineralization as N immobilization, evc.n when
microbial biomass N was n.ot measured directly (Kirchxnann
and Lundvatl, 1993). ‘“1e will instead refer to negative net N
mineralization as apparent N immobilization, since denitri.fica
tion N losses often do not account for the decline in soil
mineral N during the incubation,

DenItrfication Enzyme Activity

Duplicate soil samples (four per manure) were analyze. d
from the Week 6 microcosms using a modified procedure tot
DEA (Tiedje, 1994). Soil samples (20 g fresh weight) were
placed in 100 mL serum bottles and 20 mE of a slurry solution
(0.4 g KNO1,5.0 g glucose, 1,0 g chloramphenicol. in 11. 110)
were added to each serum bottle, The bottles with the soils
and slurry mixiures were then capped with butt 1 rubber sepIa

and crimp caps Anaerobic conditions were created hr alterna
lively applying, vacuum pressure and purgine wih He gas..
Three milliliters of C-H- were then added to each bottle foi
bowed b vigorous shaking II minh,, ‘Tie serum bottles tsr

p1 . pa Ti’ ‘e a pa
1w .0 e , I I ‘i

1i_1& an einw’.. n I .s -

tfl -‘‘p p I 1flC r-, nwn ., F C i ., I 5,

fluxes (see- -above).

‘i’he; PROC (hOER of SAS version 8,2 (Care. NC’; was used
to detenaine tue Pearson wsrrelatie.n coel’hc;eno ‘t’ tOul”IFSC

1 — w’ rLut, I I — —

p.r’oba.t.d.it (p ) tt’iet ths’oztrrelatior’1eneftinie.ns was different (‘arm

zero, Wh”r; dc’iermining tile Peatson coirciat;rn coelticicnjs,,
the data of the controls was analvz.sd Sc lnirdt” Is rom the data
ot’ the manuied mtc.rocosms. TO PROC’ C,1 ,M procedure of
S l r a ri 0 .

. nt.. ,\ \i

to test effects 01’ manure addition manurec 0’. contt r’iu, time
k Ii I en] ‘a, su i 1 a, din._ ‘he Ium,_ I
as well as gas fluxes during incubation were included

as dependent variables, In addition. ms’a ru se’paralions were
pe.rformed using the least significant diifere-nee ([SD) lest based
it a t test.

We performed multiple regressions using the PROC EEC
procedure of SAS versio’n 8.2 (Cars’, NC). Manure variables
such as dry matter, (h:, total N, Organic N. PT/h K’C..), N)H,-N,
lignia, ADF, NDF, as ‘well as the individual VP/h were in-
eluded as dependent variables, The Forward Seleetion (FOR
WAR.D), Stepw’ise (STI’.PW’ISE), M.aximum Rt improvement
(M.AX’R), ai.d Full Model Fitted (NOl.’E) Mode-.l-Seie’ction
methods of the.. PROC EEC procedure. were used, By perU
forming the different M.odel-Seiection methods, we aim.ed to
e.stablish if a combination of manure pi’operties explains a
proportion of the variance of the manure mineralizable N,
and also establish the relative predictive i.mportance of the
independent variabie.s,

Manure C/N ratios- ranged wide.lv (‘rom 1 ‘1.29 uo 38.88
(Table 1.). As expected, C t.ich components’ su.ch as N’.DF
1, —073) and ADF (r = —0 6 were fle Ills Os

corre lated with manure pe.rcent’age of N (Tal.. Ic’ 2). Neu
tral detergent fiber was negativelY correlated with ma
nure ammonium content (r — (.1,60: Table 2t.

Ses en different VFA were detected and quantil ied
in the manure samples (Table hi. ndtvdual \‘ F/h wet e
correl;-zted among rhemseh’e-s. w;ih R scenes ranging

I
— 0 li

the manure’ correlated stroncie with ate ol the
ot,he- manure ro-enties or incubatie’is s’ar;ahles.,

Carbon Dioxide. Fluxes
‘.._,‘,s.iO._,.. ,.,d-= ..,,

.... :.—,—
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I ut’ UU,u.i’Ii Cli, i,dnUL iilLIC.rISdl’Cd uiie’CC [151 1:1 I[IL

f,s1 C I C

t.;nd control sotis -icctut’rc d at Week I. ‘when I/he manui’ed
t 9 — C 0 i

(‘u.; non (at) en C nfl neralization (as ( h,fl’. flux’) ti u’ni na th5
win incubatFens as.eraeet.i I 0: c’ }:..tt’ “ in me nia.nured.

Table 5. X-ON’ production and UO5—C productIon during the
denitrilleation enzme artiiity (DEA) assa measured at the
end of the 6-wk incubation. n 107 for the manured soil.
a 6 for the control soils.
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S’i,rii,hlc Slanured ‘ il. t’inIoit —oil.
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(0.1)1 i’.’ (1.24 (0.02)
2 OS l1 0’ii I N2 iF 211
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‘I, ie[i5 iiii’l 1’en-in a letter wrihin a ri’w are r(atist!catlv diffitrent iir’—

cording to A\()5 a up “ 11.01).

ch.aracteriz,ed b’ ver small N,O fluxes as’ ‘w’eli as low
Di”’A. relative,’ to the manure treatments.. The. posit:ive
c’orre.lation between initia.l soil nitrate a.n.d DEA sug
gests that deni rifi.cation was limited by’ nitrate availabil
ity in t’he con trol soils. The fact that ace.tyiene did not
stimulate. N(’) pmoducton fu’rther suppo:rts that denitri
fication ‘was u.’Idr)ih]..ihle. in the controls, .Fi’owever, the
correlation hetwe’en cun’.ulative CO, and cumulative
NOn in the controls suggests a relationship he.tween
microbial activit.v and N’ oxide fluxes,

The observed NT•Oa, as well as the increased DEA in
the manured s.oils indicate.s that de..n’it’rifiers were. fa
vored by man nrc addition, We hypothesize. that the.
increased nitrate and assimilable’ C in the. manured soil
co:mhined to produce anae..robic microsites with in.-
creased denitnfication activity. The lack of correlation
between N2C) fluxes and Nt/h may he due to a rapid C
and N’ cvclin that did not allow pool sizes to represent
nutrient availability, The combined low N20


